Objective: To study time trends in the incidence of persistent cognitive decline (PCD), and whether an increase or decrease is explained by changes in well-known risk factors of dementia. Method: Data from the Longitudinal Aging Study Amsterdam over a period of 20 years were used. Subsamples of 65-88 year-olds were selected at 7 waves, with numbers ranging from 1,800 to 1,165. Within-person change in cognitive functioning was used to determine PCD. In logistic generalized estimating equations (GEE), time (0, 3, 6, 9, 13, and 16 years) was the main predictor of 3-year PCD incidence. Explanatory variables were lagged one wave before incident PCD and included in separate models. Results: PCD incidence was 2.5% at first, and 3.4% at last follow-up. GEE showed a positive time trend for PCD incidence [Exp(B) time = 1.042; p < .001]. None of the explanatory variables significantly changed the strength of the regression coefficient of linear time. Higher age, lower education, diabetes mellitus, smoking, lower body-mass index, and lower level of physical activity were associated with higher incidence of PCD. Conclusion: An increase in PCD incidence over time was found. Although well-known risk factors were associated with incidence per se, they did not explain the increase in incidence of PCD.
Studying trends in rates of cognitive decline and dementia in nationally representative surveys provides a basis for estimates of future demands for care, which is needed for policy making and planning health and welfare resources in dementia care (Alzheimer' s Disease International, 2015; Prince et al., 2013) . Changes in rates of cognitive decline and dementia may be expected because of the rising prevalence of some of its risk factors and an increasing number of persons at risk (Matthews et al., 2013; Prince, Ali, Guerchet, Prina, Albanese & Wu, 2016) . On the other hand, higher education (Meng et al., 2012) , better treatment for cardiovascular diseases (CVD) and diabetes especially in high-income countries might lead to a decrease in dementia rates (Matthews et al., 2013) .
Studies directed on trends in prevalence rates showed decreasing rates of dementia in the United Kingdom (Mathews et al., 2013) , Germany (Doblhammer, Fink, & Fritze, 2015) , and Spain (Lobo et al., 2007) , increasing rates in Canada (Kosteniuk et al., 2016) , Western Europe (Prince et al., 2013) , China (Chan et al., 2013) and Japan (Dodge et al., 2012) , and stable rates in Sweden (Wiberg, Waern, Billstedt, Ostling, & Skoog, 2013) , and the United States (Hall et al., 2009; Rocca et al., 2011) .
Secular trends in the incidence of dementia are less well studied but most results seem to indicate a decrease or stable incidence rate. The incidence rates of dementia in subsequent birth cohorts in the United States (Satizabal et al., 2016) , Canada (Kosteniuk et al., 2016) , and the United Kingdom (Matthews et al., 2016) decreased, whereas in France (Grasset et al., 2015) the incidence rates of dementia diagnosis remained stable. In the Netherlands a non-significant decrease in incidence rates was reported (Schrijvers et al., 2012) , while another study based on the clinical records of general practitioners found an increase in incidence of dementia in the Netherlands (Van Bussel et al., 2017) .
In most studies, dementia was defined according to strict criteria, which excluded persons with Mild Cognitive Impairment (MCI), whereas many persons with MCI fulfill the strict dementia criteria in the subsequent years. Before a formal diagnosis of dementia can be made, there is a period of more than average cognitive decline over a long period of time. To measure these cognitive changes long followup assessments are needed. The Longitudinal Aging Study Amsterdam (LASA), a nationally representative sample with 20-year follow-up measures of cognitive functioning in the Netherlands has such data. This enables us to study the incidence of significant and persistent cognitive decline, thus covering both MCI and dementia.
In the present study, we aimed to examine whether the incidence of persistent cognitive decline (PCD, for definition see Method section) changed between 1995 and 2012 taking into account age and sex. Subsequently, we studied whether an increase or decrease in the time trend can be explained by its known risk factors education, CVD, diabetes mellitus, high blood pressure, anti-hypertensive medication, life-style, and depressive symptoms.
Method

Sample
Data were used from LASA, an ongoing prospective population based-study, focusing on predictors and change in cognitive, emotional, physical, and social functioning in later life. Details on the procedures on sampling, data collection, and nonresponse have been described in Huisman and colleagues (2011) . In short, a random sample of older men and women, aged 55-85 stratified by age and sex according to the expected 5-year mortality, was drawn from the population registries of 11 municipalities in three geographic areas across the Netherlands. The first measurement wave took place in 1992/1993 and included 3,107 participants. Follow-up assessments were conducted approximately every 3 years. For the present study, data were used from eight waves covering 23 years of followup (T1: 1992/1993; T2: 1995/1996; T3: 1998/1999; T4: 2001/2002; T5: 2005/2006; T6: 2008/2009; T7: 2011/2012; and T8: 2015/2016) . As the composition of the PCD variable required at least two waves of cognitive functioning, incidence of PCD and time trend analyses were available at T2, T3, T4, T5, T6, and T7. At each wave respondents aged 65-88 were included in the study sample, as this was the age range available in all waves. To exclude possible prevalent dementia cases at baseline, persons with an MMSE of 22 or less (mean MMSE in persons with low education-1.5 SD) at entry were excluded from the study sample. See Figure 1 for a flow chart of the study sample. Interviews were conducted in the homes of the respondents by specially trained and intensively supervised interviewers. The study was approved by the Ethical Review Board of the VU University Medical Center. Written informed consent was obtained from all respondents.
Persistent Cognitive Decline
The Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) was administered during all waves. Participants who were not able or refused to participate in the complete follow-up interview were asked to participate in a telephone interview, which included an abbreviated version of the MMSE. This version included the following items: year; day of the week; month; two streets in the neighborhood; address; repeating three words; the highest score on either subtracting (100-7) or spelling backwards; remembering three words (Van den Kommer et al., 2008) . For participants who were not able or refused to complete the telephone interview, an abbreviated version of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE, de Jonghe, Schmand, Ooms, & Ribbe, 1997) was administered. This short version has been shown to measure cognitive change in everyday activities of older adults and may be used as an efficient rating scale for clinical assessment of dementia (de Jonghe et al., 1997) . Clinically significant cognitive decline was defined by a minimum score of 28 (i.e., the maximum score of 5 on at least four areas of the IQCODE, and a score of 4 on the remaining two areas) (Van den Kommer et al., 2008) .
PCD was based on as (a) a significant decline of at least 2 Standard Deviations (SD) below the mean decline on the MMSE since the last wave (measured between wave (W) and W+1) or a score of ≥28 points on the IQCODE and (b) continued cognitive decline up to the next wave (confirmed at W+2, thus coded at W+1 as having PCD), that is, decline of at least 1 SD below the sample mean decline on the MMSE or a score of ≥28 points on the IQCODE at the next wave (W+2). Furthermore, if applicable the interviewers recorded reasons for loss-to-follow-up, in which "dementia" was one of the response categories. In addition, other relevant data recorded by the interviewers, information from General Practitioners (GP) concerning dementia diagnosis by GP or specialist, data on psychogeriatric nursing home admittance and data concerning cause of death (ICD codes of dementia) were used to obtain information about a PCD diagnosis.
Respondents who showed clinically significant decline over 3 years of follow-up on the MMSE or IQCODE, but with a undetermined trajectory due to missing data at follow-up (W+2), or insufficient continued decline (i.e., not fully confirmed at W+2), were characterized as having "PCD" in case of: (a) an MMSE score of 18 or lower at the last available wave (W+1 or W+2); (b) records or relevant information from the interviewers indicating dementia as the reason for loss-to-follow-up; (c) GP records of a dementia diagnosis; (d) records of psychogeriatric nursing home admittance; and (e) loss-to-follow-up due to death with dementia documented as the cause of death.
Covariates
Potential confounders and explanatory variables were chosen on the basis of previous literature on predictors of cognitive decline and dementia (Van der Flier et al., 2005 , Van den Kommer, Comijs, Dik, Jonker, & Deeg, 2008 , Qiu, Xu, & Fratiglioni, 2010 Middleton & Yaffe, 2010) . Sex and age were included as confounding variables. Level of education measured in years was included as a time-invariant (fixed) continuous explanatory variable. CVD, diabetes mellitus, high blood pressure, use of anti-hypertensive medication, alcohol use, smoking status, physical activity, body mass index (BMI), and depressive symptoms were all included as time-variant explanatory variables measured at T1, T2, T3, T4, T5, and T6, that is, one wave prior to PCD was determined. Diabetes mellitus and CVD (angina pectoris, myocardial infarct, congestive heart failure, cardiac arrhythmia, peripheral arterial disease, and cerebrovascular accident) were measured using self-report and medication use. High blood pressure defined as ≥140/90 and use of anti-hypertensive medication were included as dichotomous variables. Alcohol use was assessed by asking for the number of alcoholic units per week over the past year, and for the number of days per week on which alcohol was consumed, and was thereafter classified as "no," middle," and "high" consumption according to the Netherlands Economic Institute index (Reinhard and Rood-Bakker, 1998) . Smoking status was assessed by self-report and dichotomized into "smokers" and "nonsmokers." Former smokers were classified as smokers if they stopped smoking less than 15 years ago, whereas former smokers who stopped smoking for 15 years or more were classified as nonsmokers since mortality in former smokers approaches the level of never smokers after a smoking cessation time of 10-20 years (Kawachi et al., 1993 , Paganini-Hill et al., 1994 . Physical activity was assessed by means of the LASA physical activity questionnaire (LAPAQ; Stel et al., 2004) . Frequency and duration of indoor and outdoor physical activities were measured and converted to total time spent on physical activities in min/ day. Physical activity was included as a continuous variable. BMI was calculated as weight (kg)/height (m) 2 , and was included as a continuous variable. Depressive symptoms were assessed with the Center for Epidemiologic Studies Depression Scale (CES-D), a widely used 20-item self-report scale designed to measure depressive symptoms in the community (Radloff, 1977) . The total score was dichotomized according to the generally applied cut-off score of ≥16, that has been validated for both men and women to identify persons with clinically relevant depressive symptoms (Beekman et al., 1997) .
Data Analysis
To prevent selection bias and loss of information due to missing values on the covariates, multiple imputation was performed. Imputations were generated using the multivariate imputation by chained equations (MICE) procedure as implemented in SPSS. This is a flexible imputation method that uses a series of regression imputation models based on the information of other variables to estimate and substitute the missing values. We included all covariates and the outcome measure in the imputation model for optimal estimation of missing values. Seventy datasets were generated, on the basis of the percentage of missing values in the total sample. Imputed data on the outcome measure and data imputed on covariates for already deceased participants were not used in the analyses. The pooled results of the imputed datasets are presented.
To make sure that changes in incidence of PCD reflected time trends, and not the general ageing of the population incidence rates for PCD at T2-T7 were age-and genderweighted according to the composition of the sample at T5, which closely resembled that of the general Dutch population. Probability weights were computed by dividing 5-year age and gender strata proportions at T2, T3, T4, T6, and T7 by proportions of the same strata at T5.
Time trend analyses were performed using generalized estimating equations (GEE). At the subsequent waves, subsets (65-88 years old) from the total LASA sample were included that were partly overlapping; therefore repeated measurements within subjects are taken into account by including an unstructured correlation structure. GEE analyses were not weighted since all models were adjusted for age and gender. A time variable was created to represent the increase in study years (0, 3, 6, 9, 13, and 16 years of follow-up). First, the predictive value of time in years for PCD as the outcome measure was tested for significance (at p < .05). Second, a quadratic term of time was added to test the presence of a nonlinear time trend. If significant (p < .10), the quadratic term was retained in the model. Third, the potential explanatory variables (lagged, measured one wave earlier) were entered into the model one by one to examine whether these could explain a time trend in incidence of PCD.
Two series of sensitivity analyses were performed, in which respondents showing significant cognitive decline but; (a) with an undetermined trajectory due to loss-to-follow-up, or (b) with less than 1 SD below the mean decline on the MMSE, stability or improvement but with an MMSE ≤18 at subsequent waves, or (c) for whom no additional sources (i.e., recorded reason for loss-to-follow-up, GP records, recorded cause of death, recorded living situation) indicated dementia, were (a) recoded from "PCD" to "no PCD," or (b) excluded from the analyses.
Results
The characteristics of the sample at the six waves before PCD assessment are presented in Table 1 . PCD incidence at T2 (1995/1996) was 2.45%, weighted by age and sex of the Dutch population (Table 2) . The incidence appears to increase over the subsequent 10 years to 4.19% at T4 (2005/2006) , and to decline in the subsequent 6 years to 3.36%. The results from the sensitivity analyses are also presented in Table 2 . In these analyses respondents showing clinically significant cognitive decline (>2 SD) between two waves, but the trajectory of further cognitive decline in the subsequent years is inconsistent or uncertain due to missing information are coded as "no PCD" (sensitivity analyses 1) or are excluded (sensitivity analyses 2). Obviously, incidence rates are overall lower, but show a similar trend over time.
Logistic GEE (Table 3) shows that time is positively associated with incident PCD in the models that were adjusted for age and sex [Exp(B) time = 1.035, 95% confidence interval (CI): 1.015-1.055; p = .001]. The quadratic term of time was nonsignificant (p > .10), and was therefore not retained in the model. Adding the explanatory variables in the consecutive models did not substantially change the strength of the time trend. In sum, we found evidence for a significant positive time trend in PCD incidence between 1995 and 2012, in age-and-sex adjusted models. Changes in level of education, CVD, diabetes mellitus, high blood pressure, anti-hypertensive medication, life-style, and depressive symptoms did not explain this increase in PCD incidence rate. 96 (79.87-218.43) 142.13 (86.97-210.64) 140.63 (82.60-210.98) 139.35 (81.91-208.76) 132.92 (83.70-199.22) 135.40 (83.59-198. The fully adjusted models showed that respondents with higher age, lower education, diabetes mellitus, who smoked, with lower BMI, and who were less physically active were more likely to be classified with PCD after 3 years. Time trend in PCD incidence remained significant despite taking into account these explanatory factors [Exp(B) time =1.042, 95% CI: 1.020-1.065; p < .001].
The first set of sensitivity analyses in which respondents who showed clinically significant cognitive decline but with an undetermined trajectory were recoded from "PCD" to "no PCD," showed an increase in effect, with a significant positive time trend for incident dementia in the fully adjusted model [Exp(B) time = 1.069, 95% CI: 1.042-1.097; p < .001]. The confidence interval of this effect, however, largely overlaps with the confidence interval of the time trend found in the main analyses, indicating that the positive time effect in these sensitivity analyses was not significantly higher.
The second set of sensitivity analyses in which respondents who showed clinically significant decline but an undetermined trajectory were excluded from the analyses, showed similar results to the first set of sensitivity analyses with a significant positive time trend for incident dementia [Exp(B) time = 1.069, 95% CI: 1.042-1.097; p < .001] in the fully adjusted model.
Discussion
We found an increase in incidence rates of PCD over a 16-year follow-up period. In 1995/1996, the incidence rate was 2.45 and in 2011/2012, it was 3.36. Per 3-4 years the incidence rate of PCD showed relative increases by about 5% between 1995/1996 and 2005/2006 whereas all other incidence rates concerned 3-year periods. Nevertheless, the increase in incidence clearly took place in the first 10 years of our study period. The time trend we found could not be explained by changes in sociodemographic characteristics, CVD, diabetes, high blood pressure, use of hypertensive medication, life-style, and depressive symptoms as present 3 years before PCD. During the study period another cohort (55-65 years old) was added. As this could have influenced our findings we did an additional sensitivity analyses (results not shown). These showed that adding cohort to the model did not affect the strength of the time trend. Also, cohort was not significantly associated with incidence of PCD. Sensitivity analysis excluding persons with undetermined trajectory from the analyses. Sensitivity analysis excluding persons with undetermined trajectory from the analyses.
The increase in incidence rates we found is not in line with most previous studies on trends in incidence rates of dementia in Western countries, which mainly showed stable or decreasing incidence rates. In the Netherlands previously a nonsignificant decrease (Schrijvers et al., 2012) and an increase of dementia incidence (Van Bussel et al., 2017) was shown. An increase of rates of PCD might have been expected because of the rising incidence of its risk factors, such as higher life expectancy, diabetes, obesity, physical inactivity, and higher alcohol consumption (Matthews et al., 2013 , Prince et al., 2016 . Most of these risk factors were indeed associated with PCD incidence per se, but did not explain the increase of PCD incidence rates over time. We are not sure how to explain the increase in incidence of PCD. This is the first study evaluating incidence of PCD, while others evaluated dementia. The difference in definition of these outcomes may also partly be responsible for the deviating findings. Also, the apparent increase may be related to risk factors other than the ones mentioned above.
In most of the previous studies dementia was defined according to strict criteria, and excluded MCI cases. We focused on PCD rather than a formal diagnosis of dementia, thus including MCI and dementia cases, while at the same time circumventing possible changes over time in diagnostic procedures. This could have influenced the prevalence rates, but not the incidence rates. By applying PCD criteria the same persons can be identified as when using strict dementia criteria, but in an earlier phase. Our incidence rates are indeed largely in line with the estimated incidence rates of dementia in Europe (Alzheimer's Disease International, 2015) .
Furthermore, in the present population-based study we were not able to diagnose or specify underlying causes of the persistent decline in cognitive functioning, using for instance the revised NIA-AA criteria for Alzheimer's disease in which biomarkers are part of the diagnostic criteria or NINDS-AIREN criteria for classification of vascular dementia. However, despite the unknown etiology of the decline the mere finding of an increase in incidence rates is an important finding in terms of projections of future health care needs, costs and planning, and requires future studies as such.
In the Diagnostic Statistical Manual (DSM)-5 a new category, neurocognitive disorders (NCD), is introduced (American Psychiatric Association, 2013). This category replaces former MCI and dementia diagnoses in the DSM-IV. The introduction of NCD stresses that more than average cognitive decline and dementia are a continuum. Our definition of PCD is comparable with the newly introduced NCD criteria. We were able to determine significant and persistent cognitive decline within a person over a period of 6 years, which is a prerequisite for diagnosing NCD. However, we were not able to distinguish between mild and major NCD, since we had no adequate information on limitations in activities of daily life.
In the present study, we use longitudinal data from LASA, which has a rich set of variables covering physical, mental, and social functioning over more than 20 years of follow-up. The chance that we by mistake classified persons as having PCD (false positives) is small, because we determined the persistence of the decline over a period of 6 years, including three observations. We used as much information as possible from the proxy or general practitioner of persons who dropped out of the study due to severe cognitive problems to limit the consequences of drop-out for our results. There are, however, no indications that the drop-out rate is different throughout the years, so this can not explain the time trend that we found.
We might have missed some early dementia cases. In our study, persons were considered as having clinically significant cognitive decline over 3 years when they declined at least 2 SD below the mean decline on the MMSE since the last wave. This might be too strict; there may have been people with early phase dementia with a somewhat slower decline that we missed. However, when we would have lowered our criteria to for instance 1.5 SD, we would have introduced a higher risk for including persons without dementia as cases (false positives).
In our study, the persons with severe dementia and also the severe mentally or physically ill were less likely to sustain a full interview. As these frail persons were the ones we were especially interested in we asked them to participate in a short interview or telephone interview or we asked them permission to ask a proxy about their functioning. This way we were able to get important information about their cognitive functioning. Also by looking into contact information forms, GP information and information about admission to a dementia care unit of a nursing home, we were able to get information about possible dementia, which we included in our PCD diagnoses. Nevertheless, we did not have this information from all respondents who dropped out of the study. Therefore, our incidence rates might be an underestimation of the true PCD incidence. Also, persons who deceased before significant cognitive decline could have been measured may have been become incident cases before death. However, the change in incidence rates is most likely not influenced by this information bias, because the same procedures were followed during the full study period. Thus, our conclusion regarding an increase of the incidence rates is not affected.
Even though we cannot fully explain our findings of increasing incidence of PCD over time, it is important to note our findings are largely in line with the projections made by ADI (Alzheimer's Disease International, 2015) . This is important to realize and it shows that-even when taking into account the beneficial effects of a healthier lifestyle and improved treatment of cardiovascular risk factors-there is a great need to further study which factors account for the increase of PCD. The increase of the aging population may lead to an exponential growth of the number of people with PCD in the near future, which will be a major challenge for social-care systems and health care costs.
In conclusion, we found evidence for an increase in PCD incidence over time, taking into account age and sex. Although socio-demographic and health characteristics were associated with incidence per se, they did not explain the increase in incidence of PCD. Further studies are necessary to explain the increase of PCD incidence.
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